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ELECTRONIC COMPUTERS 
by 


Floyd A. Johnson 


Now that electronic computers are taking over the job of 
processing timber cruise data, tree volume tables are being replaced 
by equations. 


a 


‘ 
Tables can be used in electronic data processing, but they are 
unwieldy and they often consume too much of a computer's capacity. 


Of the six equations presented in this report, two (equations 3 
and 6) have been used for several years by three Federal agencies in. 
_ the Pacific Northwest (Forest Service, Bureau of Land Management, 
Bureau of Indian Affairs) for their extensive, allowable cut surveys. 
Equations 1, 2, 4, and 5, which are all based on the International rule, 
were developed very recently for use by these agencies. 


The six equations offered here are for the benefit of any other 
agency that might find them useful and also for the benefit of anyone 
interested in allowable cuts as estimated for public forests. 


These equations cover all coniferous species in the Pacific 
Northwest. They are based on Bruce's2/ adaptation of Behre's= 
expression for tree taper. Bruce invented the basic procedure for 
developing the equations, but he published only one of them (equation 
3A below). His concern was obviously with volume tables rather than 


with volume equations 


Attention is directed to the verbal sections of three publications 
by Bruce and Girard 3/ Underlying assumptions and fundamental 
details of procedure for developing the equations are given in these 
sections. Additional details of procedure appropriate to each equation 
are given in the final section of this report. 


All six equations require the same three tree measurements: 
diameter at breast height, Girard 16-foot form class, and total 


height from stump to tip: 


The following key will assist in selecting an appropriate 
equation. 


aly 


Bruce, Donald, and Girard, James W- “Mablesmtonmresta- 
mating board foot volume of trees scaled in 16 foot logs based on 
diameter form class and total height. 46 pp. Port!and, Oreg.: 
Mason, Bruce & Girard. /n.d./ 


fl Behre, C. Edward. Form-class taper curves and volume 
tables and their application, Jour. Agr. Res. (35: 673-744, illus: 
LOR ie 

Si fried. 

— -Girard;,.James W.) and Bruce, Donald.) Tables for esti= 
mating board foot volume of trees in 16 foot logs. 44 pp., illus. 
Portland, Oreg..: Mason, -Bruce & Girard. ats (olay! 

Girard, James W., and Bruce, Donald. Tables for estirnating 
board foot volume of trees in 32 foot logs. 40 pp., illus. Por<!and, 
Oreg::| Mason (Brucen& Girard. /iniad a) 


See also footnote 1. 


Key to the Equations 


Specification 


| 


| International 1/8-inch log rule 


| International 1/4-inch log rule 


4 
| Formula Scribner rule— 


Top diameter, 5 inches 


| Top diameter, one-half of the 
| diameter at top of first 16-foot 
log but not less than 8 inches 


| 
| 
| 
| 


| 16-foot scaling length for logs 


} 
| 32-foot scaling length for logs 


0. 3-foot trim allowance per log 


0. 6-foot trim allowance per log 


4/ 


Equation number 


— Staebler, George R. The formula Scribner log rule. U.S. 
Forest Serv. Pac. NW. Forest & Range Expt. Sta. Res. Note 78, 


6 pp. 1952. 


Special attention is directed to equation 6. The 16-foot form 
class is used for this equation even though the scaling length for logs 
is 32 feet. 


Glossary of Symbols 


d. = diameter inside bark in inches at the top of the ith log 
in-agtree 
dss = diameter inside bark in inches at the upper limit of 
merchantability (i. e., at the top of the top log) 
do = diameter outside bark in inches at breast height (4. 5 feet) 
G = Girard form class (dy /dg) 
H = total height of tree in feet from stump to tip 
N = number of 16-foot logs in a tree 
D. = d;/d, = diameter at top of the ith 16-foot log divided by 
| diameter at top of first log 
D. = d,/d, 
Lb. = distance from tip of tree to top of ith lo-foot log 
: divided by the distance from tip to top of first log 
L = distance from tip of tree to top of top log divided by the 
s distance from tip to top of first log 
k = log position (1.e., k = 2 indicates second) log from 
bottom and k = N indicates the top log) 
Vin = volume of ith log as calculated under the specifications 
i 
of a particular equation 
V. = volume of a tree as calculated under the specifications 
J of the jth equation 
f = Bruce's factor for calculating tree volumes based on 
total height when d, is less than 16 inches 
ay? as: ae b,, Coe by. and oe = constants 


Equation 1 


2 
Wy = 0.0363(Gd,) +1.0955(Gd,) - 2.0259 


+ lo. 02437(Gdo)* - 0.0574(Gd,) - 0. 1 306| H 

Unit of measure--------------------------- Board foot 

Log rule---------------------------------- Internationa! 
1/8-inch 

Top diameter (d_,) --------=<----<-------=--- 5.0 inches 

Stump height------------------------------ Local practice 

Trim allowance per log -------------------- 0. 3 foot 

Scaling length of logs ---------------------- 16 feet 


Equation 2 


2 
V, = 0.0328(Gd,) + 0.9912(Gd,) - 1.8330 


Z. 
+ |0. 02205(Gd,)* =O 6 0519(Gd_) - O. 1182| H 

Soph OM gecko ebhel Se ee es eae es Board foot 

Log rule--------------------------------- Internationa! 
1/4-inch 

Top diameter (d,,) el me pe ee ei SOS I 5 0-inches 

Stump height ----------------------------- Local practice 

Trim allowance per log ------------------- 0. 3 foot 

Scaling length of logs --------------------- 16 feet 


Equations 3A and 3B 
Gd,= 16 


2 | 
ie = | 0. 02032(Gd,) = 0.0637(Gdz) - 0. 1625 | (H+8) 


Gd, <a 
2 
V35 = 30 + | 0. 01610(Ga,) + 0.1118(Gd,) - 1. 8893 | H 
(oie Ds RT fran Sey S00 bel See os OC a ee Board foot 
Log rule---------~------------------------ Scribner formula 
Top diameter (d,) ------------------------ 50 percent of 


d), but not less 
than 8.0 inches 


Equations 3A and 3B (continued) 


Stump height ----------+--+--------------- Local practice 
Trim allowance per log ------------------ 0.3 foot 
Scaling length of logs ------------- wee nee 16 feet 


Equations 4A and 4B 
Gd,—> 16.00 inches 


ic | 0. 02264(Gd,) - 0.0484(Gdo) - 0. 0552 |(H+8) 


Gd. <( 16.00 inches 


2 
Vise = 98 + fo. 01596(Gdg) + 0.2239(Gd,)- 2. 6898 e 
Unit cf measure -------------+------------- Board foot 
Op trule: occ capac eee Bate nee International 
1/8-inch 
Top diameter (d,,) ~ ere en oe See ee ee eee 50 percent of 


dy , but notless 
than 8.0Oinches 


Stump height -------------------------e- eee Local practice 
Trim allowance per log ------------- veceeee 0.3 foot 
Scaling, length of logs ---------------------- 16 feet 


Equations 5A and 5B 


prove: 


Gd, = 16.00 inches 


fee z 
V4 =| 0-02048(Gd,)" - 0.0438(Gd,) - 0.0499 | (H+8) 


Gd_ <i6.00 inches 


° 
vee = 34 + |. 01444(Gd,)° + 0.2026(Gd,) - 2. 4336 | 1 

Unit of measure —<25- =o cece een ee maiiepes . Board foot 

Log rule ov een ene ene wee me em emer eee en eee International 
1/4-inch 

Top diameter (d=) eee ees 8 ee 50 percent of 
d,, but notless 
than 8.0 inches 

Stump height -------2-----22- cece ner n cence Local practice 

Trim allowance per log ------e---e5---+---- 0.3 foot 

Scaling length of logs -----------------+%-- 16 feet 


Equations 6A, 6B, and 6C 
Gd => 14.4 
Oo 
2 
ae ; ( + - ny 
MLS 0. 2541(Gd |) 0. 2894(Gd,) - 1. 3600 
2 
+ E 02064(Gd,) - 0.0643(Gd,) - 0.1624| H 


13.5 == Gd, = 14.4 


2 
= -50 + lo 02064(Gd,) - 0.0643(Gd,) - 0. 1624)H 


V 
6B 
Gd, <<a) hisyeb) 
Voc = -15. 3180(Gd,) + 156.8560 
~ lo. 5214(Gd,) aan 3340 | gt 
‘Uhaiit, Oe aac bee + S445 5-3 SESS Sos = See. Board foot 
Log rule -------------------------------- Scribner formula 
‘op dui. b. (d) Shs ee Se hye ee ee ae 50 percent of 
dy , but not less 
than 8.0 inches 
Stump height ------------ Sao S oS eoeoeagerc Local practice 
Trim allowance per log ------------------- 0. 6 foot 
Scaling length of logs --------------------- 32 feet 


Procedure Used in Developing the Equations 
Equation 1 
Step 1.--For a hypothetical tree with particular values 


for dj and N, 16-foot scaling diameters for each log in 
the tree were calculated by: 


d. = dD. SAS Se ao Soo eee (1) 
where 
ee 
By et (2) 
to On 49 L, + 0.51 
L. = H - (16. 3)k So A ee ye ee (3) 


i EivenliGns 


He (een 
L = HB - (16.3)N ih art oes See en S)) 
Hi =. 6.3 
(Ne Lies 
gerpean nN ae ota. 8) A 
= ee (ee oe ye seer ( 
Uu 
D (0.51) 
ge ea a are ALG REY a memes ac a fl 
a 12 D (0. 49} (7) 
a 
Bi ie pease, see eee (8) 
] 
ce wee re ee re te a (9) 
u 
Step 2.-- For each scaling diameter calculated in 


step 1, log volume according to the International 
1/8-inch rule was calculated by: 


Vee 0.88d." - 1. 52d. = 1236 
i 1 i 


Step 3.-- Volumes for all logs in the hypothetical tree 
were then added. 


Step 4.--Steps 1, 2, and 3 were repeated for several 
hypothetical trees, all of which had the same di: but 
with N different for each tree. 


Step 5.--Constants a, and b for the relationship V, = 


] Le 
a, + b,)H were calculated using the several tree 
volumes from step 4. Note that N can be converted to 
H from (6). There was no reSidual variation in the 


relationship V on H. 


Step 6. -- Steps 1 through 5 were repeated for several 


different values of qi: 


Step 7. -- Constants as. bs. and c, were calculated for 


the following curvilinear relationship of b, on di: 


1 
b + bid. + d ‘ 
em eee al 
Step 8. -- Constants a, b3, and c, were calculated for 
this curvilinear relationship of a, on d,: 
ER eet 0 ao aia(o Le (te! d % 
AE eo Ga Ps Ra 


Step 9.--Results of steps 7 and 8 led directly to 


equation 1: 


. 2 2 
— 4 + d 
YS a, +b,d, c,d) fa, + >,a, a) ac 


Equation 2 


Each constant in the V, equation was simply multiplied 
by 0.904762 which is Ae factor for converting volume 
by the International 1/8-inch rule to volume by the 
International 1/4-inch rule. 


Equation 3A 
This equation has already been presented in the Bruce- 
Girard green book, 2/ and the procedure used in its 
development has been described on pages 41-46 of that 
publication. 


Equation 3B 


Equation 3A is applicable only when the diameter at the 
limit of merchantability is 50 percent of d,- However, 


— See footnote l. 


when a minimum 8-inch top merchantability limit is 
imposed, equation 3A will not be appropriate. This 
will be true whenever qi is less than 16 inches. 

6/ ; 
Bruce— described the procedure for the case where d 
is less than 16 inches (pages 45-46 in his green book), 
but he gave no equation. Instead, he gave a table of 
factors which, when multiplied by H, would give tree 
volume. less 30 board feet. 


These factors could be used directly in electronic 
computers. However, since an equation may be pre- 
ferred, constants for a second degree curve were 

found for the relation between Bruce's factors and d.. 


Thus: } 
Zz. 
f= a d + ed 
a+b 1 Cc 1 
where f = Bruce's factor 
and since 
V - fH + 30 


Zz 
= : d +4 d 30 
VRB c + b 1 c 1 | H + 


Equation 4A 


Specifications for tree volumes under equation 4A are 
identical with specifications for equation 3A with the 
one exception that the International 1/8-inch rule was 
used for 4A while the formula Scribner rule was used 
for 3A. 


io See footnote 1. 


SO 


For the International 1/8-inch rule: 


2 
Year Osea) = (17 52d = 1.36 
i i 


and for the formula Scribner rule: 


2 
we = OO 7ekel eS oleae c! 
i i 7 


Constants for equation 4A were found by applying ratios 
of corresponding constants in the log rules to constants 
in equation 3A. Thus: 


| 


0.02264 = 0 02032 (F-5F ) 


QH0ASHs LO OG2r7, a 


0.0552 0.1625 ( 


_ 
He] Go 
Oo 
ee 


Equation 4B 


The procedure used for equation 4B was identical to 
the procedure used for equation ] with these exceptions: 


ig? Diya 8/.dy 


2. Calculations were limited to values of dy 
less than 16 


3. Values for aj (steps 5 and 8 under Procedure 
for Equation 1) were all so close to 38 that 
38 could safely be substituted for the first 
three terms in equation 1 


Equations 5A and 5B 


Constants in equations 4A and 4B were simply multi- 
plied by 0. 904762 to give corresponding constants for 
5A and 5B 


Equation 6A 


The procedure used for equation 1 was also used for 
equation 6A. The exceptions in this case were: 


2. Scaling diameters for 32-foot logs instead 
of for 16-foot logs were found in step 1. 
(Note that d, in this case was still taken as 
diameter at the top of the first 16-foot log 
even though logs were scaled in 32-foot 
lengths. ) 


3. Although equation 6A was developed for the 
case where d, was 16 inches or greater, it 
was found that by applying it down tod, = 14.4, 
a better transition to equation 6B was effected. 


Equation 6B 


Equation 6A was originally extended down to d) = a5) 
but it was found that if the sum of the first three terms 
of 6A were taken as (-50) for all cases where 13.5<dj, 

<14.4, a better transition was effected between 6A and 
OG. 


Equation 6C 


The general procedure used for equation 1 was also 
used here with these exceptions: 


LD =o a 
u 1 


2. Scaling diameters for 32-foot logs instead 
of for 16-foot logs were found in step 1. 
(Note that d, is still the diameter at the top 
of the first 16-foot log and that the 16-foot 
form class is implied. ) 


-12- 


Linear instead of curvilinear relationships 
were found for b, on d,; and for a; ond) in 
steps 7 and 8. Thus the cz and c3 constants 
were not needed. In this restricted range of 
d,'s (i.e. , 8.0 inches to 13,5 inches), there 
was no evidence of curvilinearity. 


aie 
Pas: 


Th ii 
a 


